A 2-year-old domestic ferret that appeared clinically healthy was repeatedly seropositive for Aleutian mink disease parvovirus (ADV) over a 2-year observation period. Antibody titers, determined by counter-immunoelectrophoresis, ranged from 1024 to 4096. Viral DNA also was identified in serum, urine, feces, and blood cell fractions by polymerase chain reaction analysis. Ultimately, DNA in situ hybridization revealed ADV DNA in histologic sections of various tissues and organs. These data indicate that this asymptomatic ferret was persistently infected with ADV.
Aleutian mink disease parvovirus (ADV) is naturally occurring parvovirus that infects mustelids such as mink and ferrets. 3, 7, 8 The disease was first described in Aleutian mink, which have an increased susceptibility to disease resulting from a Chediak-Higashi-like defect in lysosomal membrane function and reduced cell-mediated immune responses necessary for combating viral infections. 4 Normal or wild-type mink are asymptomatic or have mild to moderate clinical signs of disease, chronically elevated antibody titers, and no detectable viremia or transient viremia depending on the strain of ADV. 6 Experimental infections of ferrets with minkderived strains of ADV have resulted in clinical scenarios similar to that of mink with dark coat colors. 6, 15 Natural ADV outbreaks in ferret shelters and multiple ferret households have been increasingly reported. 11, 14 Common clinical signs associated with ADV infection in ferrets include chronic progressive weight loss, cachexia, malaise, and melena. Ataxia leading to posterior paralysis, tremors, and convulsions has also been observed. 11, 14 Little is known about the pathogenesis of natural ADV infection in ferrets or the route by which viral shedding occurs.
Serum from a clinically normal, 2-year-old, male, sable point ferret was sent to the University of Georgia College of Veterinary Medicine to test for ADV. After an initial positive test result, serum samples from the ferret were submitted intermittently for anti-ADV antibody testing over a period of 1.5 years. Counter-immunoelectrophoresis was performed to determine an endpoint antibody titer within the range of 1:4 through 1:16,384. Nine serum samples were consistently positive for anti-ADV antibodies with a titer Ն1024 over a period of 1.5 years ( Fig. 1 ). Serum was also tested for the presence of ADV DNA by using a polymerase Additional testing of anticoagulated whole blood was done to determine which fractions were associated with viral DNA. A 1:1 mixture of PBS-diluted, heparinized blood was separated into 3 layers by using gradient centrifugation. a A commercial kit b was used to extract and purify DNA from the erythrocytes, buffy coat, and plasma fractions. These DNA samples were evaluated by PCR analysis to detect ADV. The acellular plasma pool was negative, but the erythrocyte and buffy coat fractions were positive for ADV DNA. The negative PCR result for the plasma was attributed to possible interference of PCR amplification by residual reagents or anticoagulant.
Four urine samples and 2 fecal samples were submitted during the course of the study to determine the likelihood of viral shedding through the urinary and gastrointestinal tracts, respectively. Deoxyribonucleic acid was purified from these specimens by using commercially available kits. c,d After PCR amplification of extracted DNA, 2 of 4 urine samples and both fecal samples were positive for ADV. The 600base PCR sequences from urine and serum samples collected 9 months apart were identical when aligned by using commercially available software. e When compared with the published sequence for ADV isolated from a ferret, 8 singlebase differences were identified, with an adenosine to thymine substitution at position 171 (nucleotide 3212), causing a substitution mutation from serine to threonine at amino acid position 325. 16 The ferret remained clinically normal for 1.5 years after diagnosis of ADV before deteriorating health was first observed. Ultimately, the ferret was euthanized and a necropsy was performed. Nonspecific observations on gross examination included mild atelectasis of a lung owing to thoracic effusion. The pericardium was slightly thickened. Soft, pale, round masses were present in the intestinal tract, but specific locations were not noted. Sections of spleen, liver, lung, and kidney were frozen for subsequent DNA analysis. Organ samples were also collected and preserved in 10% neutral buffered formalin for routine histopathological evaluation and DNA in situ hybridization (ISH) to detect ADV DNA.
Deoxyribonucleic acid was extracted and purified b from frozen tissues and tested by a PCR-based assay as described for serum. Aleutian mink disease viral amplicons of 695 bp were obtained from spleen, liver, lung, and kidney. In addition, CIEP detected a titer of 4096 in the pleural fluid. Aleutian disease viral DNA was not detected by PCR.
The formalin-fixed tissues were submitted to the University of Georgia for histopathologic examination. Mild lymphoplasmacytic pericarditis, cholangiohepatitis, and interstitial nephritis were suggestive of infection with ADV ( Fig  3) . 2, 9, 10, 13 Splenic extramedullary hematopoiesis, pulmonary edema, and fibrinopurulent alveolitis were also present. A homogeneous population of lymphoblasts was present in the spleen, epicardium, and subcapsular area of the kidney. Lymphoma was suspected to be the cause of the recent clinical signs that led to euthanasia but was not attributed to the ADV infection.
To determine the cellular location of viral DNA in the ferret, ISH was performed. 5 Tissue sections were hybridized with a digoxigenin-labeled, f PCR-generated probe that was amplified from purified ADV-G plasmid DNA. Sites of probe hybridization were visualized by high-affinity immunohistochemistry using antidigoxigenin antibody g conjugated to alkaline phosphatase and a chromogen solution g of ni-troblue tetrazoluim dye. The presence of DNA:DNA hybrids was identified by the deposition of blue-black, insoluble pigment (formazan). Aleutian mink disease parvovirus DNA was detected in sections of spleen, liver, lung, kidney (Fig.  4) , and pericardial fat. Reactivity was localized to the nucleus and cytoplasm of follicular dendritic cells and macrophages. 1 The ferret of this report had chronically increased levels of anti-ADV antibody compatible with viral persistence and chronic antigenic stimulation. However, antibody test results do not indicate whether the stimulus for chronic antibody production is owing to ongoing viral replication or sequestration of virus. Typically, the increased levels of anti-ADV antibody in mink are nonneutralizing and may be ineffective in clearing the virus. 1 The continued detection of ADV DNA in the blood, urine, and feces provides evidence for persistent viral replication in this ferret. Although environmental contamination might be responsible for PCR-positive test results on the fecal specimens, active viral infection would be a more likely cause of viremia and viral shedding in the urine. The viral DNA detected in cellular fractions of whole blood probably was associated with the cell surface as antigen-antibody complexes. The ADV in the systemic circulation is often present in antigen-antibody complexes and may bind to cellular components of blood.
Gross necropsy findings in ADV infection usually are unremarkable and may include hepatomegaly, splenomegaly, and mesenteric lymphadenopathy. 2, 9 Routine histopathology may reveal lymphoplasmacytic inflammation; however, similar infiltrates may be observed in the absence of ADV infection. In contrast, DNA ISH can confirm the presence of ADV and localize sites of viral infection.
The amplified viral DNA from serum and urine was sequenced to confirm that the amplicons originated from ADV, to identify the strain of ADV present, and to determine if mutations had occurred in the genetic code for a portion of the major capsid protein over the course of infection. The 365-base segment from 5Ј-nt3043 to 3Ј-nt3407, including the hypervariable region of the ADV capsid encoding ORF, was similar to the ADV-F sequence, but had 8 point mutations that resulted in 1 amino acid substitution from serine to threonine. 16 This single mutation resembles the wild-type mink Utah1, ADV-G, and ADV-K strains rather than the ADV-F sequence, suggesting a possible new locus to identify pathogenicity among sequenced DNA isolated from ADV positive ferrets. Because the mutations in the hypervariable region of the DNA sequence encoding the capsid protein determine the pathogenicity of a given ADV strain, the persistence of ADV-F in the ferret community is of concern.
Because the ability of the virus to cause disease depends highly on the host immune response and genotype, methods to detect ADV by antibody titer and presence of viral DNA are important. Concurrent CIEP and PCR analysis are the best approach for antemortem diagnosis of asymptomatic ADV infection in ferrets.
